The transfer printing of Au micropatterns onto a polyimide (PI) film was investigated, and the optimum transfer conditions were obtained. In this study, micropatterns with widths of 25 μm and 75 μm were successfully transferred onto a PI film at a molding temperature of 150 °C for 5 s under a molding pressure of 2.5 MPa. This technique is expected to provide simplified processes in fabricating wiring patterns in microelectromechanical systems.
Introduction
Recently, it has been reported that nanometer-sized Au electrode patterns were transferred to SiO 2 or polymer substrates using a transfer-printing technique [1] [2] [3] . The application of this technique to flexible microelectromechanical system (MEMS) structures is particularly interesting owing to its low cost and simple processing. Among these polymer materials, polyimide (PI) has been known to possess superior characteristics such as high flexibility, good mechanical strength, better chemical resistance, wide bio-compatibility, and high thermal stability [4] . Reports have been presented on the fabrication of microstructures with pattern sizes ranging from a few micrometers to a few hundred micrometers on the PI substrates by hot-embossing techniques [5] . We have also fabricated relatively large micropatterns on the PI substrates by hot-embossing techniques [6, 7] . In this paper, we report the optimal conditions for transferring Au microelectrode patterns onto a PI film.
Experimental

Fabrication process
The proposed method relies primarily on the differential adhesion for the transfer of a printable Au layer from a mold to the PI substrate. First, a Au layer is deposited on the surface of a silicon mold by thermal vacuum deposition [ Fig. 1(a) ]. The mold and the PI substrate are pressed, maintaining constant force and temperature during hot embossing [ Fig. 1(b) ]. After cooling down to room temperature, the PI substrate is released from the Si mold [ Fig. 1(c) ]. The flow of the fabrication process of the Si mold and pattern transfer is schematically described in detail in Fig. 3 . First, a photoresist (PR; S1830 positive) was spin coated on the Si substrate [ Fig. 3(a) ]. The Si substrate was photolithographically defined [ Fig. 3(b) ], and the photoresist was partially removed from the developer (MF319) [ Fig. 3(c) ]. After this process, the Si substrate was etched in an inductively coupled plasma etcher (Sumitomo Precision Products, MUC21) using the Bosch process for anisotropic etching [ Fig. 3(d) ]. The depth of the micropump structure was set to 10 μm. After the photoresist was removed, the Si mold was completed [ Fig. 3(e) ]. Next, a Au layer (500-nm thick) was deposited on the surface of the Si mold by thermal vacuum deposition. The Si mold and the 50-μm-thick PI film (Kapton, DuPont) were heated Fig. 3(g) ]. By pressurizing, the Au layer was transferred to the PI film from the Si mold because the surface energy of the Si mold is lower than that of the PI film. After cooling down to room temperature, the PI film was released from the mold [ Fig. 3(h) ].
Mold design
Molds with two kinds of photomask patterns were designed for the actuators with a resistive heater to replace the air actuator used in the previously reported micropumps [8, 9] , as shown in Fig. 4 . The mold patterns have a resistive heater part with diameter D, which corresponds to the diaphragm diameter of the micropumps. W represents the line width of the wiring. The two photo-mask patterns have different dimensions, namely, (a) D = 5 mm and line width W = 75 μm, and (b) D = 2 mm and W = 25 μm. These two patterns were used to investigate the influence of the pattern size of the molds on the pattern transfer. Figure 5 shows the scanning electron microscope (SEM) image of the fabricated mold pattern at the resistive heater part. The line width W of 75 μm and depth d of 10 μm were also confirmed by the cross-sectional SEM observation.
3.Results and discussion
To achieve better hot-embossing results, the following hot-embossing conditions were adopted: Fig. 6(c) . The increase in the embossing temperature from 20 °C to 100 °C showed some improvements, as shown in Fig.  6(d) . 
Conclusion
The transfer printing of the relatively wide Au micropatterns onto a PI film has been investigated, and the optimum transfer conditions were obtained. In this study, the wiring patterns with widths of 25 μm and 75 μm were successfully transferred onto the PI film at a molding temperature of 150 °C for 5 s under a molding pressure of 2.5 MPa. This technique is expected to provide simplified processes in fabricating wiring patterns in MEMS.
